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(57) ABSTRACT

A semiconductor device including a nonvolatile memory ele-
ment, the nonvolatile memory element, including;:

a {irst region, a second region formed adjacent to the first
region, and a third region formed adjacent to the second
region;

the nonvolatile memory element further including a semi-
conductor layer, a separating 1nsulation layer which 1s
formed on the semiconductor layer and which demar-
cates a forming region of the nonvolatile memory ele-
ment,

a first diflusion layer which 1s formed on the semiconduc-
tor layer of the first region,

a first source region and a first drain region formed on the
first diffusion laver,

a second diffusion layer which 1s separated from the first
diffusion layer and which 1s formed on a periphery of the
first diflusion layer and on the semiconductor layer of
the second region,

a second source region and a second drain region formed
on the second diffusion layer,

a third diffusion layer formed on the semiconductor layer
of the third region,

a first msulation layer formed above the semiconductor
layer of the forming region of the nonvolatile memory
element, and

a first conductive layer formed above the first insulation
layer.

11 Claims, 7 Drawing Sheets
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SEMICONDUCTOR DEVICE INCLUDING
NONVOLATILE MEMORY HAVING A
FLOATING GATE ELECTRODE

BACKGROUND OF THE INVENTION

1. Technical Field

The invention relates to a semiconductor device and par-
ticularly to a semiconductor device including a nonvolatile
memory having a floating gate electrode.

2. Related Art

As one of the nonvolatile memory devices, there 1s cited a
nonvolatile memory device of a stack gate type which 1s
constituted by a tloating gate electrode provided on a semi-
conductor layer through an insulation layer, further, a control
clectrode provided on the tloating gate electrode through the
insulation layer, and a source region and a drain region pro-
vided on the semiconductor layer. In such nonvolatile
memory device of the stack gate type, a write operation and an
erase operation are performed by impressing a preset voltage
on the control gate and the drain region and by 1njecting or
releasing an electron into or from the tfloating gate electrode.

However, 1n such nonvolatile memory device of the stack
gate type, there 1s an 1ncrease 1n a number of steps because of
a gate electrode forming step of two times, and it 1s necessary
to form a thin-film 1nsulation layer on the floating gate elec-
trode, so that a manufacturing process becomes cumbersome.

Hence, by comparison to the nonvolatile memory device of
the stack gate type, as a nonvolatile memory device which can
be manufactured by a simple manufacturing process and at
low cost, there 1s proposed a nonvolatile memory device
which 1s referred to 1n related art.

The nonvolatile memory device disclosed 1 JP-A-63-
1662774 has a control gate which 1s an n-type impurity region
in the semiconductor layer and the floating gate electrode
consists of a conductive layer such as a one-layer polysilicon
layer (referred to as the “one layer gate type nonvolatile
memory device). An advantage of such one-layer gate type
nonvolatile memory device 1s that since there 1s no need to
stack one gate electrode over another gate electrode, i1t can be
formed 1n the same way as a currently available CMOS tran-
s1stor process.

JP-A-63-1662774 1s an example of related art.

SUMMARY

An advantage of some aspects of the invention is to provide
a semiconductor device including a nonvolatile memory ele-
ment which 1s a one-layer type nonvolatile memory element
having a new structure and whose operating characteristics
are excellent.

(1) According to a first aspect of the invention, a first
semiconductor device includes a nonvolatile memory ele-
ment, the nonvolatile memory element including: a first
region, a second region formed adjacent to the first region,
and a third region formed adjacent to the second region, the
nonvolatile memory element further including; a semicon-
ductor layer, a separating insulation layer which 1s formed on
the semiconductor layer and which demarcates a forming
region of the nonvolatile memory element, a first diffusion
layer which 1s formed on the semiconductor layer of the first
region, a first source region and a {irst drain region formed on
the first diffusion layer, a second diffusion layer which 1s
separated from the first diffusion layer and which 1s formed
on a periphery of the first diffusion layer and on the semicon-
ductor layer of the second region, a second source region and
a second drain region formed on the second diffusion layer, a
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third diffusion layer formed on the semiconductor layer of the
third region, a first mnsulation layer formed above the semi-
conductor layer of the forming region of the nonvolatile
memory element, and a first conductive layer formed above
the first insulation layer.

According to a first semiconductor device of an aspect of
the invention, 1t 1s preferable that the first diffusion layer on
which the first source region and the first region are formed 1s
provided in separation from the second diffusion layer.
Namely, since the first diffusion layer 1s provided on the
semiconductor layer, its junction capacitance is reduced so
that voltage resistance of the first diffusion layer can be
enhanced.

Note that 1n an aspect of the invention, when referring to a
specified B layer (hereimnafter referred to as the “B layer™)
provided above a specified A layer (hereinafter referred to as
the “A layer™), 1t means a case where the B layer 1s provided
directly above the A layer and a case where the B layer 1s
provided above the A layer through another layer.

In the first semiconductor device according to an aspect of
the invention, there may be further aspects as follows:

(2) In the first semiconductor device according to an aspect
of the ivention, 1t 1s preferable that the first diffusion layer
has a first conductive type, while the second diffusion layer
has a second conductive type.

(3) In the first semiconductor device according to an aspect
of the invention, 1t 1s preferable that the first source region and
the first drain region have the second conductive type, while
the second source region and the second source region have
the first conductive type.

(4) In the first semiconductor device according to an aspect
of the mvention, 1t 1s preferable that the third diffusion layer
has the first conductive type.

(5) In the first semiconductor device according to an aspect
of the mvention, 1t 1s preferable that the third diffusion layer
has the second conductive type.

(6) In the first semiconductor device according to an aspect
of the invention, 1t 1s preferable that the second diffusion layer
and the third diffusion layer may be made continuous.

(7) In the first semiconductor device according to an aspect
of the invention, 1t 1s preferable that a fourth diffusion layer
whose impurity concentration 1s lower than the first diffusion
layer 1s formed 1n a manner of surrounding the first diffusion
layer.

(8) In the first semiconductor device according to an aspect
of the invention, 1t 1s preferable that the fourth diffusion layer
1s separated from the second conductive type.

(9) In the first semiconductor device according to an aspect
of the invention, 1t 1s preferable that the fourth diffusion layer
has the first conductive type.

(10) In the first semiconductor device according to an
aspect of the invention, 1t 1s preferable to include the second
insulation layer formed above the first conductive layer and a
second conductive layer which 1s above a region between the
first diftusion layer and the second diftusion layer and which
1s formed above the second insulation layer.

(11) According to a second aspect of the invention, a sec-
ond semiconductor device includes a nonvolatile memory
clement, the nonvolatile memory element including: a first
region, a second region formed adjacent to the first region,
and a third region formed adjacent to the second region; the
nonvolatile memory element including; a semiconductor
layer, a separating insulation layer which 1s formed on the
semiconductor layer and which demarcates a forming region
of the nonvolatile memory element, a first diffusion layer
which 1s formed on the semiconductor layer of the first
region, a first source region and a first drain region formed on
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the first diffusion layer, a second diffusion layer formed on the
semiconductor layer of the second region, a second source
region and a second drain region formed on the second region,
a third diffusion layer which 1s formed on the semiconductor
layer of the third region and whose impurity concentration 1s
higher than the first diffusion layer, a first insulation layer
tormed above the semiconductor layer of the forming region
of the nonvolatile memory element, and a first conductive
layer provided above the first insulation layer.

In the second semiconductor device according to an aspect
of the mvention, 1t 1s preferable that the third diffusion layer
whose impurity concentration 1s higher than the first diffusion
layer 1s provided. Namely, the first diffusion layer has an
impurity concentration lower than the third diffusion layer.
This enables voltage resistance to be enhanced.

(12) In the second semiconductor device according to an
aspect of the invention, it 1s preferable that the first diffusion
layer has the first conductive type, the first source region and
the first drain region having the second conductive type, the
second diffusion layer having the second conductive type, the
second source region and the second drain region having the
first conductive type, and the third diffusion layer having the
first conductive type.

(13) In the semiconductor device according to an aspect of
the 1nvention, 1t 1s preferable that the first conductive type 1s
an n-type, the second conductive type being a p-type.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described with reference to the
accompanying drawings, wherein like numbers refer to like
clements.

FIG. 1 1s a diagram to explain a semiconductor device
according to a first example of a first embodiment.

FIG. 2 1s a diagram to explain a semiconductor device
according to a first example of a first embodiment.

FIG. 3 1s a diagram to explain a semiconductor device
according to a first example of a first embodiment.

FIG. 4 1s a diagram to explain a semiconductor device
according to a second example of a first embodiment.

FIG. 5 1s a diagram to explain a semiconductor device
according to a second example of a first embodiment.

FIG. 6 1s a diagram to explain a semiconductor device
according to a second example of a first embodiment.

FIG. 7 1s a diagram to explain a semiconductor device
according to a second embodiment.

FIG. 8 1s a diagram to explain a semiconductor device
according to a third embodiment.

FIG. 9 1s a diagram to explain a semiconductor device
according to a third embodiment.

FIG. 10 1s a diagram to explain a semiconductor device
according to a fourth embodiment.

FIG. 11 1s a diagram to explain a semiconductor device
according to a fourth embodiment.

DESCRIPTION OF THE EMBODIMENTS

One example of the embodiments of the invention will be
described as follows with reference to the drawings.

1. First Embodiment

1.1. First Example

A nonvolatile memory element (heremaiter also referred to
as the “Memory Cell”) included 1n a semiconductor device
according to a first example of an embodiment will be
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described below with reference to FIGS. 1 to 3. FIG. 11s a
perspective view showing a memory cell C100 included 1n a
semiconductor device of the embodiment. FIG. 2 15 a plan
view showing an arrangement of a floating gate electrode 32
of the memory cell C100 and impurnity regions. FIG. 3A 1s a
sectional view along line A-A of FIG. 2. FIG. 3B 1s a section
along line B-B of FIG. 2. FIG. 3C 1s a sectional view along

line C-C of FIG. 2. Note that line X-X of FIG. 1 corresponds
to line X-X of FIG. 2.

As shown 1n F1G. 1, the memory cell C100 according to the
embodiment i1s provided on a p-type semiconductor layer 10.
On the semiconductor layer 10, a region 10 A (corresponding
to “a third region™), a region 10B (corresponding to *“a second
region’’), and aregion C (corresponding to “a first region™) are
demarcated by a separating insulation layer 20. On the region
10-A 1s provided a n-type well 12 (corresponding to “a third
diffusion layer”). On the region 10-C 1s provided a n-type
well 14 (corresponding to ““a first diffusion layer”). On the
region 10-B 1s provided a p-type well 16 (corresponding to “a
second diffusion layer”™).

As shown 1n FIG. 1 and FIG. 2, the n-type well 12 and the
p-type well 16 are provided such that one periphery abuts
another, while the n-type well 14 and the p-type well 16 are
provided such as to be separate from each other. Normally,
formation of the p-type well 16 1s made by implanting an
impurity by using a mask which inverted a mask used when
forming n-type wells 12 and 14, so that the n-type well abuts
the p-type well. However, 1in the embodiment, the p-type well
16 1s formed by using a mask of a different pattern from the
inverted mask of the n-type wells 12 and 14, so that the p-type
well 16 separate from the n-type well 14 1s provided.

The n-type well 12 of the region 10A performs a role of a
control gate of the memory cell C100. The region 10B 1s a
write section where electron implantation 1s performed to a
floating gate electrode 32 to be explained later. The region
10C 1s an erase section for releasing an electron implanted
into the floating gate electrode 32. A sectional structure of
cach region will be described later.

On the semiconductor layer 10 of the regions 10A to 10C,
an 1mnsulation layer 30 1s provided. On the 1nsulation layer 30
1s provided the floating gate electrode 32 over the region 10A
to the region 10C. Further, at the region 10A 1s provided an
n-type impurity region 40 on a region where the floating gate
clectrode 32 1s provided and a region separated by a separat-
ing insulation layer 20. The n-type impurity region 40 may be
set as a contact area for impressing a voltage when writing 1n
the n-type well 12 which 1s a control gate.

At the region 10A, as shown 1 FIGS. 1 and 2, a p-type
impurity region 34 1s provided at a position of holding the
floating gate electrode 32 1n between. Likewise, at the region
10B, an n-type impurity region 36 1s provided with the float-
ing gate electrode 32 held 1n between. At the region 10C, a
p-type impurity region 38 1s provided with the tloating gate
clectrode 32 held in between.

Next, a sectional structure of each region will be described.

As shown 1 FIG. 3A, at the region 10A, a p-channel
transistor 100A 1s provided. The p-channel transistor 100 A
has the insulation layer 30 provided on the n-type well 12, the
floating gate electrode 32 provided on the insulation layer 30,
and the impurnty region 34 provided on the n-type well 12.
The impurity region 34 becomes a source region or a drain
region.

As shown 1n FIG. 3B, on the region 10B 1s provided an
n-channel MOS transistor 100B to perform a write operation
on the memory cell C100. The n-channel transistor 100B has
the insulation layer 30 provided on the p-type semiconductor
layer 10, the floating gate electrode 32 provided on the 1nsu-
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lation layer 30, and an impurity region 36 provided on the
semiconductor layer 10. The impurity region 36 becomes the
source region or the drain region.

As shown 1n FIG. 3C, on the region 10C 1s provided a
p-channel transistor 100C. The p-channel transistor 100C has
the 1nsulation layer 30 provided on the n-type well 14, the
floating gate electrode 32 provided on the insulation layer 30,
and an 1impurity layer 38 provided on the n-type well 14. The
impurity region 38 becomes the source region or the drain
region.

At a semiconductor device according to a first example,
voltage corresponding to a ratio of a capacitance between the
floating gate electrode 32 of the region 10A and the n-type
well 12 to a capacitance between the floating gate electrode
32 of the region 10B and the p-type semiconductor layer 10 1s
impressed on the floating gate electrode 32. Namely, the
voltage of a value obtained by multiplying the voltage
impressed on the control gate by the capacitance ratio 1s
impressed on the floating gate electrode 32.

As a result, to perform the write operation efficiently, 1t 1s
preferable that an area 1n which the tloating gate electrode 32
overlaying the n-type well 12 that 1s the control gate 1s larger
than an area 1n which the semiconductor layer 10 of the region
10B where the write operation 1s performed overlaying the
tfloating gate electrode 32. For example, the overlaying area (a
first area) of the floating gate electrode 32 and the n-type well
12 that 1s the control gate and the overlaying area (a second
area) ol the floating gate electrode 32 from the region 10A to
the region 10C and the semiconductor 10 can be set such that
the first area: the second area=6:10 to 9:10.

1.2 Second Example

Next, a second example of the first embodiment will be
described with reference to FIG. 4 to FIG. 6. A semiconductor
device according to the second example 1s an example of a
different structure of the control gate section by comparison
to the first example. Specifically, in a nonvolatile memory
device according to the second example, the n-type impurity
region provided below the tloating gate electrode 32 being set
as the control gate 1s what 1s different from the first embodi-
ment.

FG. 4 1s a perspective view showing a memory cell C100
which 1s a nonvolatile memory device of the embodiment.
FIG. 5 1s a plan view of an arrangement of a floating gate
clectrode 32 of the memory cell 100 and various impurity
regions 35, 36, 38, and the like. FIG. 6A 1s a sectional view
along line A-A of FIG. 5. FIG. 6B 1s a section along line B-B
of FIG. 5. FIG. 6C 1s a sectional view along line C-C of FIG.
5. Note that detailed description of members whose structures
are the same as the first embodiment will be omitted.

As shown 1n FIG. 4, a semiconductor device according to
the second example 1s provided on the p-type semiconductor
layer 10 1in the same way as the semiconductor device accord-
ing to the first example. The semiconductor layer 10 1s sepa-
rated and demarcated 1nto the region 10A, the region 10B, and
the region 10C by the separating insulation layer 20. On the
region 10A and the region 10B, the p-type well 16 1s provided,
and on the region C, the n-type well 14 1s provided.

As apparent from FIG. 1 and FIG. 2, the n-type well 14 and
the n-type well 16 are provided separate from each other.
Namely, at a boundary between the n-type well 14 and the
n-type well 16, the semiconductor layer 10 which 1s a sub-
strate 1s provided. Note that the region 10A 1s a control gate
section 1n the same way as the first embodiment, the region
10-G being a write section, and the region 10C being an erase
section.
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As shown 1n FIG. 4, the insulation layer 30 1s provided on
the semiconductor layer 10 of the region 10A to the region
10C. The floating gate electrode 32 which 1s provided from
the region 10A to the region 10C 1s set up on the insulation
layer 30. The n-type impurity region 35 is provided on the
region 10A, as shown in FIGS. 4 and 5, 1n amanner of holding
the floating gate electrode 32 in between. The p-type impurity
region 36 1s provided on the region 10B 1n a manner of
holding the floating gate electrode 32 1n between. The n-type
impurity region 38 1s provided on the region 10C 1n a manner
of holding the floating gate electrode 32 1n between.

Next, the sectional structures of respective regions will be
described with reference to FIG. 6A to FIG. 6C.

As shown 1 FIG. 6A, the region 10A has the 1nsulation
layer 30 provided on the p-type well 16, the tloating gate
clectrode 32 provided on the insulation layer 30, and the
impurity region 35. The impurity region 35 becomes a contact
section to the n-type impurity region (control gate) 42. As
shown 1n FIG. 6B, on the region 10B, there 1s provided the
n-channel MOS transistor 100B to perform the write opera-
tion on the memory cell C100. The n-channel MOS transistor
1008 1s the same as the first example.

As shown 1n FIG. 6C, the p-channel MOS transistor 100C
1s provided on the region 10C. The p-channel MOS transistor
100C 1s the same as the p-channel MOS transistor 100C
described 1n the first example.

According to a semiconductor device of the first embodi-
ment, the p-channel MOS transistor 100C used when erasing
(releasing the electron implanted 1nto the floating gate elec-
trode 32) 1s provided on the n-type well 14 separated from the
p-type well 16. Consequently, the p-type semiconductor layer
10 which 1s a substrate 1tself 1s provided in the periphery of the
n-type well 14. The p-type semiconductor layer 10 which 1s
the substrate has a lower impurity concentration than the
p-type well 16, hence, being capable of reducing the junction
capacitance between the n-type well 14 and the p-type semi-
conductor 10 and leading to enhancing the voltage resistance
of the n-type well 14. This makes 1t possible, at the time of
erasing, to impress a high voltage, thus shortening erase time.
As a result, 1t 1s possible to provide a semiconductor device
including the memory cell C100 which has especially
improved operating characteristics when erasing.

Further, according to a semiconductor device of the second
example, a n-type first impurity region 42 below the floating
gate electrode 32 of the region 10A performs a role of the
control gate. Hence, minmiaturization can be produced by com-
parison to a semiconductor device according to the first
example 1n which the entire n-type well 12 1s the control gate.

2. Second Embodiment

Next, a semiconductor device according to a second
embodiment will be described with reference to the drawings.
FIG. 7 1s a schematic sectional view of a semiconductor
device according to a second embodiment, showing a section
corresponding to line I-I of FIG. 5. The second embodiment
1s an example of providing an inversion preventing layer
above a separated part between the n-type well 14 and the
adjacent p-type well 16 1n the semiconductor device accord-
ing to the first embodiment.

As shown 1n FIG. 7, the semiconductor device according to
the second embodiment 1s such that a first interlayer 1insula-
tion layer 50, a second interlayer insulation layer 60, and a
third interlayer insulation layer 70 are consecutively provided
above the memory cell C100 1n a manner of covering the
tfloating gate electrode 32. Over the first interlayer insulation
layer 50 1s provided a first layer conductive layer (wiring
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layer) 52, and over the second 1nterlayer insulation layer 60 1s
provided a second layer conductive layer (wiring layer) 62.

The conductive layer 623, though not shown 1n a section
illustrated 1n FIG. 7, 1s electrically connected to the p-channel
transistor 100C of the region 10C, being used as an erase
signal line. On the other hand, the conductive layer 52 1s
connected to the ground (GND), having a preset pattern so as
to be provided at least above the separated part.

Namely, the conductive layer 52 1s provided 1in a manner of
covering the semiconductor layer which 1s free from implan-
tation of the mmpurity that may generate as separation
between the n-type well 14 and the p-type well 16 occurs
(hereinafter referred to as the “‘separated part”). In other
words, of the conductive layer 52, a portion provided above
the separated part serves to function the role as the inversion
preventing laver.

According to the semiconductor device of the second
embodiment, the device has the same advantage as the semi-
conductor device of the first embodiment, providing in par-
ticular a semiconductor device with enhanced operating char-
acteristics when erasing. Further, the conductive layer 52
connected to the ground covers the separated part, so that
even il a high voltage 1s impressed for erasing, inversion of the
semiconductor layer 10 to generate a leak channel can be
restricted. Further, since the erase signal line 1s composed of
a second layer conductive layer 62, a fixed gap can be set up
between the semiconductor layer 10 and the conductive layer
62, thus further enhancing effects of preventing inversion. As
a result, while maintaining reliability, the erase voltage can be
made high, thus making 1t possible to provide a semiconduc-
tor device 1n which the erase time 1s shortened.

It should be noted that a case where the inversion prevent-
ing layer 1s provided in the second example of the first
embodiment was described 1n the second embodiment. How-
ever, 1t 1s not limited to this and application may be made to
the semiconductor device of the first example of the first
embodiment. Further, as the erase signal line, a case where the
second layer conductive layer 62 1s used 1s described. How-
ever, 1t 1s not limited to this and a conductive layer of more
than a third layer may be used.

3. Third Embodiment

Next, a semiconductor device according to a third embodi-
ment will be described with reference to FIGS. 8 and 9. FIG.
8 1s a perspective view showing schematically a semiconduc-
tor device according to a third embodiment. FIG. 9 1s a plan
view showing schematically positional relationships of the
floating gate electrode 32 and various impurity regions. Note
that 1n the third embodiment, description will be made of
different points from the first embodiment, taking, for
example, the memory cell C100 having the same structure as
the semiconductor device according to the second example of
the first embodiment referenced above.

In the third embodiment, what 1s different 1s that an n-type
low concentration impurity layer 18 (corresponding to the
“fourth diffusion layer”) 1s provided in a manner of surround-
ing the n-type well 14 of the region 10C. As compared to the
n-type well 14, the low-concentration impurity layer 18 can
be formed using the same process as a forming process of a
low concentration impurity layer (drain over or drain offset)
surrounding a drain region of a high voltage-resistant MOS
transistor (not illustrated) mixedly mounted on the same
semiconductor layer as the memory cell C100 according to
the embodiment.

According to the semiconductor device of the third
embodiment, the p-channel MOS ftransistor 100C 1s used

10

15

20

25

30

35

40

45

50

55

60

65

8

when erasing 1s provided in the n-type well 14 around which
the low concentration impurity layer 18 1s arranged. This
cnables voltage resistance of the n-type well 14 to be
increased, and when erasing, a high voltage can be impressed.
As a result, the erase time can be shortened.

Consequently, 1t 1s possible to provide a semiconductor
device including a nonvolatile memory element whose oper-
ating characteristics particularly when erasing i1s enhanced.
Note that in the third embodiment, a case where the low
concentration impurity layer 18 1s provided 1n a semiconduc-
tor device according to the second example of the first
embodiment 1s described. It 1s not limited to this, and appli-
cation may be made to the semiconductor device according to
the first example of the first embodiment.

4. Fourth Embodiment

Next, a semiconductor device according to a fourth
embodiment will be described with reference to F1GS. 10 and
11. FIG. 10 1s a perspective view showing schematically a
semiconductor device according to a fourth embodiment.
FIG. 11 1s a plan view showing schematically positional
relationships of the floating gate electrode 32 and various
impurity regions. Note that i the fourth embodiment,
description will be made of different points from the first
embodiment, taking, for example, the same structure as the
semiconductor device according to the first example of the
first embodiment referenced above.

In the fourth embodiment, what 1s different 1s that the
n-type well 12 of the region A and the n-type well 14 of the
region 10C have different impurity concentrations. Specifi-
cally, the n-type well 14 1s a layer having a lower impurity
concentration than the n-type well 12.

According to a semiconductor device of the fourth embodi-
ment, the p-channel MOS transistor 100C used when erasing
1s provided 1n the n-type well 14 of low impurity concentra-
tion by comparison to the n-type well 14 of theregion 10A. As
a result, 1t 1s possible to reduce junction capacitance with a
p-type semiconductor region such as the adjacent p-type well
by comparison to a case where 1t 1s formed of the same
impurity concentration.

Consequently, this enables junction capacitance with a
p-type semiconductor region such as the adjacent p-type well
to be reduced by comparison to a case of forming with the
same 1impurity concentration as the n-type well 12. As a result,
a high voltage can be impressed, thus shortening the erase
time. Accordingly, 1t 1s possible to provide a semiconductor
device including a nonvolatile memory element whose oper-
ating characteristics particularly when erasing 1s enhanced.
Note that in the fourth embodiment, a case where the embodi-
ment 1s applied to a semiconductor device according to the
first example of the first embodiment 1s described. It 1s not
limited to this, and application may be made to the semicon-
ductor device according to the second example of the first
embodiment.

It should be noted that the invention 1s not limited to the
embodiments referenced above, but a various modifications
are possible. For example, the invention includes constitu-
tions which are virtually the same as the constitutions
described 1n the embodiments (for example, a constitution
having the same function, method, and result, or a constitu-
tion having the same purpose and result). Further, the inven-
tion includes constitutions 1n which sections not essential to
the constitutions described 1n the embodiments are replaced.
Still further, the invention includes constitutions having the
constitutions producing the same operation working-etfect or
constitutions capable of achieving the same purpose as the
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constitutions described 1n the embodiment. Furthermore, the
imnvention includes constitutions which consist of the consti-
tutions described 1n the embodiments added with publicly
known techniques.

What 1s claimed 1s:

1. A semiconductor device including a nonvolatile memory

clement, the nonvolatile memory element, comprising:

a first region, a second region formed adjacent to the first
region, and a third region formed adjacent to the second
region;

the nonvolatile memory element further including a semi-
conductor layer, a separating insulation layer which 1s
formed 1n the semiconductor layer and which demar-
cates a forming region of the nonvolatile memory ele-
ment,

a first well which 1s formed 1n the semiconductor layer of
the first region,

a first source region and a first drain region formed within
the first well,

a second well which 1s separated from the first well, which
surrounds the first well, and which 1s formed on a periph-
ery of the first well and 1n the semiconductor layer of the
second region,

a second source region and a second drain region formed
within the second well,

a third well formed 1n the semiconductor layer of the third
region,
a first 1nsulation layer formed above the semiconductor

layer of the forming region of the nonvolatile memory
clement that continuously crosses the first, second, and

third regions, and

a first conductive layer formed above the first mnsulation
layer tunctioning as a floating gate electrode that con-
tinuously crosses the first, second, and third regions,

a first area where the first conductive layer overlaps the
third well being greater than a second area where the first
conductive layer overlaps the semiconductor layer of the
second region,

the third well and the second well being made continuous
with each other.

2. The semiconductor device according to claim 1, wherein

the first well has a first conductive type, the second well
having a second conductive type.

3. The semiconductor device according to claim 2, wherein
the first source region and the first drain region have the
second conductive type, the second source region and the
second drain region having the first conductive type.

4. The semiconductor device according to claim 3, wherein
the third well has the first conductive type.

5. The semiconductor device according to claim 3, wherein
the third well has the second conductive type.

6. The semiconductor device according to claim 2, wherein

the first conductive type 1s an n-type, while the second con-
ductive type 1s a p-type.
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7. The semiconductor device according to claim 1, wherein
a diffusion layer whose impurity concentration 1s lower than
the first well 1s formed 1n a manner of surrounding the first
well.

8. The semiconductor device according to claim 7, wherein
the diffusion layer 1s separated from the second well.

9. The semiconductor device according to claim 7, wherein
the diffusion layer has the first conductive type.

10. The semiconductor device according to claim 1,
wherein a second insulation layer formed above the first
conductive layer and a second conductive layer which 1s
above a region between the first well and the second well and
which 1s formed above the second insulation layer are
included.

11. A semiconductor device including a nonvolatile
memory element, the nonvolatile memory element, compris-
ng:

a {irst region, a second region formed adjacent to the first
region, and a third region formed adjacent to the second
region;

the nonvolatile memory element further including a semi-
conductor layer,

a separating mnsulation layer which 1s formed on the semi-
conductor layer and which demarcates a forming region
of the nonvolatile memory element,

a first well which 1s formed 1n the semiconductor layer of
the first region,

a first source region and a first drain region formed on the
first well,

a second well formed 1n the semiconductor layer of the
second region, the second well surrounding the first well
and being 1solated from the first well,

a second source region and a second drain region formed
on the second region,

a third well which 1s formed 1n the semiconductor layer of
the third region and whose impurity concentration 1s
higher than the first well,

a first msulation layer formed above the semiconductor
layer of the forming region of the nonvolatile memory
clement that continuously crosses the first, second, and
third regions, and

a first conductive layer provided above the first insulation
layer tunctioning as a floating gate electrode that con-
tinuously crosses the first, second, and third regions,

a first area where the first conductive layer overlaps the
third well being greater than a second area where the first
conductive layer overlaps the second region,

the first well having the first conductive type, the first
source region and the first drain region having the sec-
ond conductive type, the second well having the second
conductive type, the second source region and the sec-
ond drain region having the first conductive type, the
third well having the first conductive type, and the third
well and the second well being made continuous with
cach other.
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